The severity of the injury is the most important factor to return to work (RTW) when it comes to hand injuries. The purpose of our study is to examine the relationship between the initial anatomic severity, evaluated by the Hand Injury Severity Scoring (HISS) system, and probability of RTW in occupational hand injured patients. Methods: In this retrospective cohort study, 140 patients hospitalized for surgery due to occupational hand injuries between 2004 and 2008 were recruited. Participants were interviewed for occupational history and RTW status. The probability of RTW was compared with the initial HISS scores by multiple logistic regression models. Results: In workers' compensation group, there was a significant relationship between HISS severity and the probability of RTW. Compensated patients with moderate injuries (odds ratio [OR] ϭ 0.15; 95% confidence interval [CI], 0.03-0.70) and severe injuries (OR ϭ 0.13; 95% CI, 0.02-0.75) were significantly less likely to RTW than those with minor injuries, and those with major injuries were the least likely to RTW (OR ϭ 0.07; 95% CI, 0.01-0.36). However, no association was found between HISS severity and the probability of RTW for patients without workers' compensation. With regard to the HISS components, patients with motor or neural component deficits had a significantly lower opportunity of RTW, with the neural deficits being the most influential. Conclusion: HISS is a useful instrument to predict the opportunity of RTW while restricted to the compensated patients. We also verified that the relationship between HISS severity and the probability of RTW existed for groups but not for individual patients.
University (NCKU) Hospital because of occupational hand injury after 2004 were recruited. The inclusion criteria of study participants were as follows: subjects were 15 years to 60 years old at the time of injury; they were employed full-time before injury; at least 6 months had elapsed because of their injuries; and they were all clinically stable, no longer needed splinting devices. The following were excluded from our study: subjects who were unable to answer the questionnaires to, foreign workers, hand injuries proximal to carpus, bilateral hand injuries, and subjects with any histories of severe hand injuries.
There were a total of 336 hand injury patients receiving operation in NCKU Hospital after 2004. One hundred eightythree subjects met our study criteria, and each had HISS scores successfully assessed by a hand surgeon. All eligible participants were interviewed by phone for demographic information and occupational history. The occupations of the study participants were categorized into two groups: whitecollar and blue-collar workers. The white-collar group included managers, professionals, technical, sales, administrative, and service personnel. The blue-collar group included machine operators, laborers, and workers in the following sectors: farming, forestry, fishing, industry, and repairs. Informed consent was obtained from each study participant.
The Hand Injury Severity Scoring System
A hand surgeon reviewed the medical records, which included roentgenograms of the injury on arrival at the emergency department and notes of the findings during the operation. Initial emergency room evaluations and the operation records were translated into HISS scores by using the HISS system form. Hand injury scores were considered in terms of their Integument, Skeletal, Motor, and Neural components and were evaluated over each ray. Weighting factor was given to each roentgenogram according to the functional importance. The methodology also specified certain conditions in which taking the absolute values of the scores or doubling them was required. We calculated the scores according to the HISS standard instruction. 18, 19 A score was obtained for each component by summing up the weighted value of each roentgenograms and the absolute values in each component. The overall HISS is the summation of the scores for each Integument, Skeletal, Motor, and Neural component.
There are four grades of HISS severity. 18 A HISS of 20 points or below is regarded as a "Minor" injury. A HISS score of between 21 and 50 is "Moderate," between 51 and 100 is considered "Severe," and 101 and above is "Major."
Definition of Return to Work
Both the previous study 5, 10 and the plastic surgeon recommended a recovery time of 3 months before removing casts or internal fixations of nonsevere hand injuries. Therefore, 90 days is a reasonable point of investigation to find out whether workers returned to work. The question used to measure RTW was, "How long did it take for you to returnto-work after injury?"
Data Analysis
An unconditional logistic regression model was used to evaluate the risk of returning to work by HISS severity and components. Change in estimate criteria were used to identify potential confounders. 27 Except for the four covariates that did not meet the conventional change in estimate criterion (i.e., dominant injury hand, other diseases effect, daily life assistance, and subvention claims), the regression analyses included the other covariates such as gender, age, marital status, salary level, education level, occupation, and workers' compensation. Odds ratios (ORs) and 95% confidence intervals (CIs) for the relationships between HISS severity and RTW and HISS components and RTW were calculated with and without adjustments for potential confounders. We also fitted stratified models to account for compensations or the workers' occupations to assess the relationship between RTW and HISS severity. Individual and joint associations were estimated using indicator variables created for each category, omitting the hypothesized low-low risk category or reference group. For categorical variables belonging to more than two categories, the interaction was evaluated using the likelihood ratio test, comparing the model with cross-classified variables to a reduced model containing indicator variables for the main effects only. All tests assumed a two-sided alternative hypothesis and a 0.05 significance level.
RESULTS
Our study ultimately comprised 140 (76.5%) occupational hand injury patients. Of these, 70.7% were male, 60.7% were married, 67.9% were blue-collar workers, and 72.9% were classified as the workers' compensation group. The mean age of the total cohort was 42.6 (SD 12.9). Patients were distributed proportionately with respect to salary and education (Table 1) .
One hundred (71.4%) patients were classified as the RTW group. Table 2 shows the sociodemographic factors by RTW status and adjusted OR for RTW. Patients who were older, male, married, in the highest salary group, at the highest education level, white-collar, and classified as the workers' compensation group had higher numbers of RTW. Patients in the highest salary group (Ն30,001 new Taiwan dollar [NTD] per month) had significantly higher opportunity of RTW than those with salaries Ͻ20,000 NTD per month (adjusted OR ϭ 6.50; 95% CI ϭ 1.54 -27.46). No other significant risk factors were found to be associated with RTW. Table 3 shows the relationship between RTW and HISS severity. After adjustment for potential confounders, patients with major injuries (OR ϭ 0.15; 95% CI ϭ 0.04 -0.56) were the least likely to RTW, followed by those with severe injuries (OR ϭ 0.26; 95% CI ϭ 0.07-0.90). Trend tests also revealed significant findings both in the unadjusted and adjusted models. We tested the interaction between workers' compensation and HISS severity and calculated the p to be 0.02. We found no statistically significant relationship in the nonworkers' compensation group (Table 3 ). In the workers' compensation group, patients with moderate injuries (OR ϭ 0.15; 95% CI ϭ 0.03-0.70) and severe injuries (OR ϭ 0.13; 95% CI ϭ 0.02-0.75) were significantly less likely to RTW than those with minor injuries, and those with major injuries were the least likely to RTW (OR ϭ 0.07; 95% CI ϭ 0.01-0.36). The p for the trend test in the workers' compensation group for HISS severity was 0.002 (Table 3) .
The mean scores of individual HISS components and the numbers of cases (in percentages) involving each component are shown in Table 4 . The integument component had the highest number of cases (85.0%), whereas the neural component had the least number (35.7%). Table 5 shows the relationship between each HISS components and RTW. After adjusting for potential confounders, the effect of each component on RTW was assessed and expressed as the difference in OR across the interquartile range. Significant associations were found for motor (OR ϭ 0.77; 95% CI ϭ 0.62-0.95) and neural deficits (OR ϭ 0.45; 95% CI ϭ 0.27-0.76). Deficits of integument and skeletal components had similar negative effects but did not reach statistical significance (Table 5 ).
DISCUSSION
Our results showed that there is a significant relationship between HISS severity and the probability of RTW within the workers' compensation group: the more severe the HISS severity, the lesser the probability of RTW. For patients without workers' compensation, there was no significant relationship between HISS severity and the probability of RTW. With regard to the HISS components, patients with motor or neural component deficits had a significantly lower probability of RTW, with the neural component being the most influential.
In previous studies, patient characteristics that correlated with a higher probability of RTW included being male, 10 having a higher education, 8, 11 having a white-collar job, 2, 8, 12, 13 being younger 8, 15, 17 or older, 11, 16 and not having workers' compensation. 5, 8 Our study had some findings that were different from these previous studies. Consistent with literature, our study showed that patients with higher salaries had a significantly higher opportunity of RTW. 8 One possible rationale for this is that the lower salary group is mostly populated with manual laborers who tend to have lower rates of RTW. 12 Consistent with previous studies, we found that higher HISS severity levels resulted in lesser probabilities of RTW. 4, 28 Several studies found a significant positive correlation between the HISS severity and the time away from work, including studies by Matsuzaki et 21 Watts et al. in 1998 (r ϭ 0.27), 22 and Campbell et al. in 1996 (r ϭ 0.57). 18 Similar to Mink Van Der Molen et al., 23 we found the relationship between HISS severity and opportunity of RTW to exist for patients with workers' compensation; however, we found that the relationship did not exist for patients without workers' compensation. One possible rationale for this is that patients working in the company with more than five people are required to participate in the Taiwanese worker's compensation. Because most of the patients with workers' compensation are employees whose jobs and incomes are relatively stable, they are unlikely to RTW before recovering functionally. Previous studies have shown that self-employed patients RTW significantly earlier than employees. 24 This might be because they are more financially dependent on their job and therefore are more motivated to RTW despite the severity of their injuries. Previous studies have suggested a second possible rationale: compensation is a barrier to RTW. 5, 8 Because workers' compensation benefits provide a partial income replacement while they are recovering from injury, patients do not feel as pressured to RTW before they recover. Surprisingly, our study shows that the relationship between HISS severity and the opportunity of RTW does not vary depending on the occupation. Previous studies have shown that white-collar patients are more likely to RTW compared with blue-collar patients 2,12,13 ; however, we found that there is no interactive effect (p ϭ 0.08, data not shown) between occupation and HISS severity. We conclude that although HISS is useful for predicting the consequences of hand injury, its findings are only applicable to the compensation group. One should carefully consider this when using HISS to predict the opportunity of RTW in the future.
With regard to the HISS components, we found that motor and neural component deficits had the most significant influence on the probability of RTW, with the neural deficits having the most impact. When we rank patients with injured motor components in descending HISS score order, the probability of RTW of the lower half is 0.77 times that of the top half. Repeating this exercise for patients with injured neural components, the probability of RTW of the lower half is 0.45 times that of the top half. There are several possible explanations for this. First, a great deal of pain is associated with deficits of the neural and motor components, pain is a barrier to RTW, 15, 24 so patients with neural component deficits are less likely to RTW. Second, neural components deficits require more recovery time, making the opportunity of RTW the lowest. Third, the injury severity would be severing when the depth of injury is deep to neural, and the injury severity would significantly influence the probability of RTW. 12, 18 Saxena et al. 20 has suggested that the severity of injury to the integument component has no association with hand functional recovery because its HISS score may not precisely represent the severity of entire hand injury. Therefore, there is no relationship between the severity of integument injuries and the probability of RTW. Although our study showed that the severity scores of neural and motor component deficits significantly influence the probability of RTW, the neural component only represented 14% of the HISS scores, and the motor component represented 24%. This implies that the current HISS score formulation does not properly reflect the true importance of each component's impact on probability of RTW. For future study, it is recommended that the interaction between salary levels and HISS severity be analyzed. Sample size of our study was not large enough to observe a relationship between HISS severity and the probability of RTW using fine salary levels. By using coarse salary levels, we showed that HISS severity and the opportunity of RTW were independent of each other for patients making Ͻ20,000 NTD per month in salary, but dependent on each other for patients making Ͼ20,000 NTD per month. Taiwan's Directorate General of Budget data show that the individual average salary is 40,829 NTD per month. 29 Patients whose salaries were less than a half of the average may be more eager to RTW before recovering functionally.
Our study has several limitations. The study method was a retrospective design. Because we relied on the patients' memory to determine how long it took to RTW, there may be a recall bias in the study. All study subjects were recruited from one teaching hospital; therefore, the study results might not necessarily representative of the total population of hand injured patients in Taiwan. Extrapolation might be a problem. Nonetheless, our main finding about the relationship between HISS severity and the probability of RTW is valid because the scoring system in the study is of great internal consistency. The same surgeon graded all the HISS scores who did not know the patients' RTW statuses under researcher blindness design. NCKU Hospital specializes in reconstructive hand surgery in southern Taiwan. The participants of our study were reasonably distributed, and there were enough patients in each HISS severity grading level.
In conclusion, we found that HISS was a useful instrument to predict the opportunity of RTW when limited to the compensation group. We also verified that the relationship between HISS severity and the probability of RTW existed for groups but not for individual patients. We strongly recommend that occupational therapy departments should provide retraining programs to improve the probability of RTW for patients with hand injuries, especially those with neural or motor component deficits. 
